Penelitian ini bertujuan untuk mengetahui indeks supresi Cetirizine terhadap hasil tes tusuk kulit sehingga didapatkan konstanta (tetapan) koreksi untuk menilai hasil tes tusuk kulit pada pasien yang tidak dapat menghentikan penggunaan antihistamin Cetirizine. penelitian klinis dengan disain studi pre dan post tes ini melibatkan 22 pasien alergi atopi pada Unit Rawat Jalan Alergi Imunologi RSUD Dr. Soetomo. Semua subyek dilakukan dua kali tes tusuk kulit (TTK1 dan TTK2) menggunakan ekstrak alergen debu rumah. Sebelum TTK1 dilakukan washout semua obat antihistamin selama 1 minggu. Subyek kemudian diberi Cetirizine 10 mg sekali sehari selama 5 hari dan pada hari ke-6 dilakukan TTK2. Indeks supresi Cetirizine dan tetapan koreksi dihitung dengan memperbandingkan luas bintul antara TTK1 dan TTK2. Dari 22 subyek penelitian (6 orang laki-laki dan 16 orang perempuan), kesemuanya sensitif terhadap tungau debu rumah. Rerata kadar IgE total dalam serum 352,5 + 176,42 IU/dL. Rerata luas bintul dari kontrol positif (histamin 1 mg/mL) pada TTK1 adalah 7,53 + 7,31 mm2, dan pada TTK2 adalah 1,08 + 1,46 mm2. Rerata luas bintul dari alergen tungau debu rumah pada TTK1 adalah 43,57 + 36 mm2, dan pada TTK2 adalah 10,28 + 8,47 mm2. Indeks supresi Cetirizine terhadap kontrol positif (histamin 10 mg/mL) adalah 94,63 + 7,90% (p=0,000), sedangkan indeks supresi Cetirizine terhadap alergen tungau debu rumah adalah 72,31 + 13,96% (p=0,000). Tidak terdapat pengaruh kadar IgE total serum yang bermakna pada indeks supresi Cetirizine (p=0,381). Tetapan koreksi berdasarkan perhitungan adalah sebesar 1,9. Sebagai simpulan, indeks supresi Cetirizine terhadap rerata luas bintul yang ditimbulkan oleh alergen tungau debu rumah adalah 72,31% dan tetapan koreksinya adalah sebesar 1,9. Pada pasien alergi yang tidak dapat menghentikan penggunaan obat antihistaminnya, dapat digunakan Cetirizine 10 mg sekali sehari sebagai pengganti dan tetap dapat menjalani tes tusuk kulit. Diameter atau luas bintul hasil tes tusuk kulit yang sebenarnya dapat dihitung dengan mengalikan diameter atau luas bintul yang terukur setelah pemberian Cetirizine dengan besaran tetapan koreksi. (FMI 2017;53:152-158) 
INTRODUCTION
Allergic disease is a pathologic condition which is caused by hypersensitive immune responses to environmental substances that usually causes no problem in normal people. The term "allergy" was introduced in 1906 by von Pirquet, who realized that an external agent had induced some form of 'altered reactivity' for which he proposed the term (from Greek allos meaning 'other' and ergon meaning 'activity'). Von Pirquet was also the first to suggest that the word 'allergen' should be used to describe the agent which induced this changed reactivity (Kay 2006) . Today, the term allergy is used mainly to describe atopic diseases mediated by IgE such as urticaria, angioedema, allergic rhinitis, some food allergies, atopic dermatitis, allergic asthma and anaphylaxis (Nimmagadda & Evans 1999) .
The history and physical examinations are of critical importance in the evaluation of a patient with atopic allergic disease. The diagnosis of atopic allergy is dependent on a history of symptoms on exposure to an allergen, the clinically correlated disease manifestations, together with the detection of allergen-specific IgE. The detection of allergen-specific IgE can be reliably performed by blood specific testing or skin prick testing (Douglass & O'Hehir 2006) . Although it is subject to some operator and interpretation variability, skin prick testing (SPT) has advantages of relative sensitivity and specificity, rapid results, flexibility, low cost, good tolerability, and clear demonstration to patients of their allergies. The disadvantages of SPT are that they are associated with some discomfort and the reaction is inhibited if the patient has taken antihistamines prior to the test. For that reason, patients should be advised to avoid taking antihistamines for at least seven days prior to undergoing SPT (Heinzerling et al 2013) . Problem arises when the patient is unable to discontinue his or her antihistamine medication. These patients are usually regarded as not good candidates for SPT.
There are some situations where patients cannot stop taking antihistamine because the clinical manifestation of their allergic diseases is very disturbing. Also there are some situations where patients cannot afford for the more expensive specific IgE examination in the laboratory as an alternative tool to support the allergy diagnosis. For these patients we need a logic solution. We aim to determine the suppression index of Cetirizine -the most commonly used H1 antihistamine by allergic patients -to the SPT results to obtain a correction constant or correction factor that can be used to assess and interpret the results of the SPT in atopic allergy patients who cannot stop the use of antihistamines.
MATERIALS AND METHODS

Study design, inclusion and exclusion criteria
This is an open clinical trial with pre-and post-test study design which was done at the Allergy and Immunology Outpatient Clinic, Internal Medicine Department, Dr. Soetomo Hospital, Medical Faculty of Airlangga University, Surabaya. Atopic allergy patients who fulfill the inclusion criteria were recruited. The inclusion criteria were: male or female, aged > 21 years and < 60 years old, suffered from atopic allergy diseases based on their personal and family history, physical examination, confirmed laboratory evidence of elevated serum total IgE level, positive previous result of skin prick test to house dust mite allergen, willing to undergo repeated skin prick test according to the study protocol, and signed the informed consent. Patients who had severe exacerbation of their allergic disease, had advanced skin lesion on the volar aspect of both their lower arms, suffered from dermatographism, suspected to have immunodeficiency based on history and physical examination, or patients who were on immunosuppressive drugs were excluded from the study. Patients who were on beta blocker, ACE inhibitor, calcineurin inhibitors, or tricyclic antidepressant were allowed to enter the study only after they stop their medication for at least 7 days.
Sample size determination
Using the previous study result of antihistamines suppression test (Roongapinun et al 2004) , the calculated sample size needed for this study was 17 subjects. Anticipating a 15% drop out, we recruited a total of 20 subjects for this study. Study subjects were randomly selected from the list of atopic allergy patients seeking medical treatment at the Allergy and Immuno-logy Outpatient Clinic, Dr. Soetomo Hospital Surabaya from September to December 2006 using computer generated random number.
Skin prick test procedure and interpretation
All eligible subjects were asked to stop their current antihistamines drug for 7 days to washout the effect. Patients were then undergone the first skin prick test (SPT1) using house dust mite allergen extract with positive and negative control. The house dust mite allergen extract used in this study was a standardize product of Dr. Soetomo Hospital in house pharmacy. Histamine solution (10 mg/mL) was used as positive control, while normal saline were used as negative control. The second skin prick tests (SPT2) were done after administration of Cetirizine 10 mg tablet once daily for 5 consecutive days. The SPT procedures were done according to the current guideline (Bernstein & Storms 1995) . The wheal and flare of the SPT1 and SPT2 were measured in each patient and recorded 15 minutes after application of the test materials. To calculate the wheal area, we used the longest diameter of the wheal (D1) and the perpendicular diameter measured at its midpoint (D2) using the equation A= (van der Valk et al 2016). Mean perpendicular diameter (D) was calculated as (D1 + D2)/2. When the wheal revealed a somewhat circular shape, we calculated the wheal area using the simple equation A=3.14 x D 2 .
Serum total IgE level
Venous blood was collected from each patient and centrifuged at 2500 rpm for 10 minutes. Serum samples were stored at -20°C before they were transported to the Central Laboratory of Dr. Soetomo Hospital for total IgE determination. Serum total IgE were measured using ELISA method with the Pharmacia CAP system (Pharmacia Diagnostics).
Histamine suppression index and correction constant
Histamine suppression index was defined as the ability of a certain H1 antihistamine to suppress histamine in a skin prick test, which was determined by its ability to suppress or diminish the wheal area in skin. In this study the histamine suppression index of Cetirizine to a skin prick test with house dust mite allergen extract was calculated using the equation (1 -Ab/Aa), where Ab is wheal area (in mm2) before Cetirizine administration (in SPT1), and Aa is wheal area (in mm2) after Cetirizine administration (in SPT2). Mean histamine suppression index (Ix) was calculated using the equation Ix =(Ab-Aa)/Ab. Figure 1 . Based on the available data, the calculated correction constant in this study was 1.9, meaning that the expected wheal area will be 1.9 time larger than the measured wheal area under Cetirizine suppression.
To determine whether there were any influence of serum total IgE level to the histamine suppression index of Cetirizine, we perform subgroup analysis comparing the histamine suppression index in subjects with serum total IgE level below and over the 50th percentile value (total IgE level=306 IU/dL). There were 10 patients who had their serum total IgE level < 306 IU/dL. The histamine suppression index for these patients was 75.73 + 14.85%. Conversely, there were 12 patients who had their serum total IgE level > 306 IU/dL, with the histamine suppression index of 69.45 + 13.56% (Figure 2 ). There was no significant influence of serum total IgE level to the histamine suppression index of Cetirizine (p=0.381). Histamine : histamine positive control (10 mg/mL); HDM : house dust mite allergen extract SPT1 : the first skin prick test, before Cetirizine administration ; SPT2 : the second skin prick test, after 5 days of Cetirizine administration. Fig. 1 . Wheal area generated by house dust mite allergen extract in SPT1 and SPT2. Cetirizine suppress the wheal area generated by house dust mite allergen extract. SPT1 is the first skin prick test before Cetirizine administration, while SPT2 is the second skin prick test after 5 days of Cetirizine administration
.
DISCUSSION
This study shows that in atopic allergy patients who cannot discontinue their antihistamine medications prior to SPT examination, Cetirizine can still be given as a substitute for their current antihistamines and the results of the SPT under the influence of Cetirizine can still be interpreted using a correction constant. After 5 days administration of Cetirizine the wheal area generated by histamine positive control was almost entirely suppressed, giving the suppression index of 94.63% (ranged from 75 to 100%, Table 1 ). But for other allergens, in this case it was house dust mite allergen, the suppression index is not so high (72.31%, ranged from 44 to 94%, Table 1) , and still allow us to calculate and interpret the expected wheal area without Cetirizine or antihistamine administration.
Fig. 2. Influence of subjects serum total IgE level to the mean histamine suppression index by
Cetirizine. There were no significant influence of serum total IgE level to the mean histamine suppression index by Cetirizine (p=0.381).
In this study we chose house dust mite allergen as a representative for other allergens, because house dust mite is the most common allergen found in atopic allergy patients who came to the clinics, not only in patients with allergic rhinitis and asthma, but also in patients with atopic dermatitis and chronic urticaria (WHO 1988 , Peat et al 1996 , Terreehorst et al 2002 , Mahesh et al 2005 . Of course the reaction and the wheal size generated by house dust mite allergen will vary from patient to patient, but this study shows that for a group of atopic allergy patients we can still manage to obtain the average histamine suppression index of Cetirizine and a correction constant.
What this study add to current knowledge is the new information that in atopic allergy patients who cannot discontinue their antihistamine medication, we can substitute their antihistamine with Cetirizine and then proceed to perform the SPT. We can calculate the expected wheal area by multiplying the measured wheal area of any allergen with the correction constant (in our study it was 1.9) and then interpret the results. This method can be applied to all atopic allergy patients.
Histamine suppression index has long been used as a tool to measure and compare the activity of several antihistamine drugs (Monroe et al 1997 , Ramboer et al 2000 , Roongapinun et al 2004 . Using wheal and flare measurement researcher can compare the relative suppression of different antihistamine drugs to histamine-induced wheal and flare. Ramboer et al. (2000) found that Cetirizine was able to suppress the wheal area generated by histamine by 96%, while in Roongapinun et al. (2004) study it was 95%. Their results are very closely comparable to our result which was 94.63% (Table 1) , showing the reproducibility of this approach.
Although this approach looks rational, it had been criticized by others because histamine in a SPT do not induce mast cell degranulation and therefore cannot mimic the real reaction caused by real allergen challenge which induce mast cells (also basophils and eosinophils) to degranulate. The degranulating mast cells (and also basophils) releases not only histamines but also other mediators such as: arachidonic acid metabolites, principally leukotriene C4, prostaglandin D2, some cytokines i.e. tumor necrosis factor (TNF-?, ?), and interleukin (IL)-4, IL-5, IL-6, IL-1? and IL-13 by mast cells (Amin 2012 ,Gilfillan et al 2011 and leukotriene C4, chemotactic factors like the platelet activation factor (PAF) and retinoic acid, basogranulin, also some cytokines including IL-4, IL-13, IL-6, TNF-?, and TSLP, and chemokines by basophils (Marone et al 1997 ,Siracusa et al 2011 . The ability of antihistamine drugs (including Cetirizine) to suppress all of those mediators activity is being questioned. That is why we also tested the histamine suppression index using house dust mite allergen in this study. The house dust mite allergen will cross-link the surface IgE in sensitized mast cells and basophils and cause them to degranulate and generate larger wheal area compared to histamine solution alone.
Consistent with our expectation, Cetirizine showed somewhat lower activity in suppressing the wheal area generated by house dust mite allergen (72.31%) compared to histamine positive control solution (94.63%). This finding also explains why some patients still suffer from allergy and itchy skin although they had used antihistamines to control their allergy. The histamine suppression index of Cetirizine to house dust mite allergen in our study (72.31%) is comparable to the results of Reunala et al. (1993) study. In that study Cetirizine was used to suppress wheal area caused by Aedes aegypti mosquito-bites in sensitive individuals. In individuals without Cetirizine the wheal area was 78.5 ? 10.4 mm2, while in individuals treated with Cetirizine the wheal area was 25.52 ? 5.9 mm2, giving the suppression index of 69.5% by Cetirizine (Reunala et al 1993) . However, recent report by the same group of researcher found lower index of suppression (45%) (Karppinen et al 2002) . The obvious difference to this study is the different protocol. Karppinen et al. uses single dose of Cetirizine 10 mg for 4 days followed by 3 days without any drugs. Mosquito challenge was performed on day 3. Our study uses single dose of Cetirizine 10 mg for 5 days followed by SPT with house dust mite allergen on the next day. Aside from the difference in Cetirizine administration and time interval to allergen challenge, the different nature of mosquito allergen with house dust mite my also explain the discrepancy of results.
Our study also showed that there was no significant influence of serum total IgE level to the size of wheal area (Figure 2 ). This result is consistent with current notion that we cannot use the serum total IgE level to predict the wheal size on SPT, and therefore it does not give individualized results for specific allergens and is unhelpful in suggesting for allergen avoidance (Jansen et al 1999 ,, Scadding & Durham 2008 
CONCLUSION
This study showed that in atopic allergy patients who cannot discontinue their antihistamine medication, we can substitute their antihistamine with Cetirizine and then proceed to perform the SPT. The expected wheal area without antihistamine can be calculated by multiplying the measured wheal area of any allergen with the correction constant. This method can be applied to all atopic allergy patients. Further study is still needed to show whether Cetirizine have different suppression index to different kind of allergens.
